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O INTRODUCTLION AND SUMMARY

This report describes the werk on NINDS Contract Noo NOT-NS-4225 10 during the penod

MMarch Do M 28019950 A part ol the S eurad Prostiesis Progrin. the broad abyectives of the

present fundumental stodies are: 1) 10 evaluate the electrochemival processes tal vccur at the

clectrode-cleairohvie interface during pulsing regiments charucteristic of neura.  prostactic
applications: 27w establish charge mjection lhmits of stumulation clectrode materials which avoid

irreversible elecirecherticad reactions: 33w develop an o viere method s which can e applied e

vover, T determining the cectrechenical real area and stubilite of nncroclectrodes: =) e develop
new matericls which can eporate at hieh stimuladion charge densitdes tor microstmulation: and
31t provide elecirochemical and aralviica support Tor oter rescarch: activities in the ~Neural
Prasthesis Pravram at NINDS.

Electrochemical studies of Ir oucroclecuodes trom T Nichigan and Laberatory tor
Sonrad Control, NINDS were contnued this aiarter. Results abtained rom ovedic vollammetry
ol sites o the U Michigan prote mdcated o contmumg depradauon of the eieetrocheneal
intearity of cach site which was inttially reported inthe last quarterty report. Measurements ol
e mpedinee magnitude at 1k do not provade evidence of the changes i eieetrochemical
properties observed by oovelic soltammeuny,  The phase anole data ar T kHz sugeest the
aceurrenee of a change i properties bul the measurenent 4t o single Iregquency does not provide
suHielent infernation w detennine the severity ot degradationt. A single site was subjected woa
standard pulse actvaton protocal e torm ATRGE while obsersing the site colur changes with
vider microscopy AL ot the sites shoaed the color changes assoclated with oxidatior und
reductnn of the oxide o even theugh onlv one site was actually conrecied e the polentiostal.
This uhservation conirmed the suspicion raised o the previcus gquarter that the sites had become
clectrivalhy comtnuous. however the mechanism of the cectnical cornection Is sull unknoso.

Impedance spectroscops data seere analyvzed with a curve fiing program (ot the data w
an cqunvalent circwr which micht be used 1o dentiby elements that are most susceptible
chenve durmg prolonged soahing. This analvsis s stll 13 a prebmonars <ape. bot o creant was
Jertved o whicl awvod 1 was ebtuned Tor data obtined tor site =10 Avalysis of the data for

the remsaining foer sites s o progress and cesults will be presented in Lhe next report, The Hitng




ef the impedance daa to an equivalent crremt and mouitoneg changes i ctreadt elements over
e ot soaking appears pronnsing tor dentitving changes incan electrode site durimg soaking.
Flowever, al the present tme, imlerpretation ot the eircalt clement changes 1s best done in

canjunction with cvelic soltanumety e gualitative diagnesis ot chazes melecirode properties,




20 Ir MICROFLECTRODE STUDRIES

Chgonm studies of 11 microclectrodes ure concerned with  identifving methodisy which
woule be uselie ter S vive monitoring of microeleetrode stability and characterization of their
clecirachemicaliy actine surfuee areas The test electrodes have been sozkine in PBS for ses eral
manths with cadie veitammelry i PBS oran Ru hesaamine selution, and  impedance

spectrascomy pertormed intermittenitly . Tac electrodes being eviduuated i these Tong werm stadies

were desertbed inthe previows report and sre the following:

1. Michigan probe CNWE-49 with five sputtered I sites numbered 1-50 cach site was
desipned with o geom. surface arca ot 800

2 Prual batpie I nucroeleciredes rom Mo Bake NINDS. dentified as BAK-11A and
BAak-118.

Dt are presented in das report only for Michipan prohe CNS-49. Results un BAK-1 1A und

FIR sl be updated 1o the next quarterly repoit.

Lxperinental Mothols

Tac expermmental methads crmpioved 1 these long werm studies were deseribed in the
previous report - Solutions were changed oy using a syringe ¢quipped with flexible tubing to
extraet seution fron e cell. and o replenish the cell with new solution. When changing from
Ru solutions 1o PBS. or vice versa. the eell was flushed several dmes with the ineominge
solutlon, We cleeted to use room wmperature PBY for this soak st because it does not require
acontinuous streant ot CO-as does the Larle's balanced salt solution used in privr lony term soak
tesls vl macro-sized electrodes. The electrochemical cell emplovid with the microciectrodes s
not well swited tor 37°C7 testing with continueus gas bubbling aver a prolonged period of soaking
because ul 1ts small volume and the mereased possiblity of Josing water from the selution due
e upoTalie.

Ihe protocol for testing site stability during the past quarter inveived acquiring periudic
cyelie voltammiograms (CVs) of all sites in the PBS soak soluton at scan rates o 0005, 10, 20

A0 T00 and 200 Vosee, In addition o these imermittent CVs in PBR. scun rate study No. 3 was




sertoned 1 Re hexaammine-PBS solutdon and in PRS Inothis scan rate studs, OVs were
acquiresd al sean rates vang i brom 0007 1o 2000V s a8 desertbed presious]y.

Impedanee specla were acquired vser a Irequeney range of 107 e 10 107 Hy Lor all sites
al varous tmes durng the souking period  Impedance data were analyzed with an equivalent
cleends fiting progroam Chgusalent Crreut by Bernard AL Boukarap, e of Tawente, 198491,

Faght nicrosconic examinaiien of sites an the probe during clectrochennical activation
wis perfonmed with a Somy Video Camers attwehinent with reat time recording el site responses
tir clectrochemical activation preocol
Results and Discussion

Cogfic Voltommeiey

Fioure 2.1 shows OV acguired al =ite 1o the storage PRS clectrolyvie at diiicrent tmes
Jdurme this quarter, Cday 610w OV was acquirad firstin acrated PBS. This OV has & non-zore
current @ the srt o the sean, s slanted diaconalls s aod shosss o Large ereuse in cathodic
carrent us the scan progresses o Uy o 204 V0 Adter the solunor was deaerated the OV
showed an even higher overall current (note the chianee inocurrent seated had @ higher mitial
current an the begimmng of the scun, and sas shewed digonally, A CY aequired on doy 79
shawed an inerease in curtent and simiar diagonal orientation ahout twe corrent axiz. The OV
acquited enday 83 showed a lower overall current amld 1s less shewed o the potenaal range
bt een IV o -G 2V bat has cathodic and anodic current peaks sohich mas me dae o reactions
ol surtace centamiantist or ol some other component of the probe which bis come inte contact
with the electrolvie. Although Vs are illustrated o Fozure 200 onls for site T oon ONS-JdY,
nearly identice]l Vs were obtiined ol the ather Tour sites on cach day ot lesting after dav 20,
mcluding the abzormal €3V o day 85,

O dav 02 o R hesaamimine scim rate sty was pertornied even thocgh the CVs o PBS
shosed stonctficant deeradation of site integairy, We hoped that usable data might be ebtained
with which clectrocheniival surtuce arca nuwmbers coudd be determined. Frewse 2.2 commares
Vs acquired at 3 my osec in R PRS solution and 1 the PRS supportivg clecuolae in the day
62 sean sute stady o wnl soslar sets of Oy o sean rate studies on davs 2 and 200 The OV
Lkern 0 R selunon on day 62 shows o faradaie current fur the reduction reaction at sie 1 that ix

anproaimately the sanwe as that vhserved oo day 200 The OV 1m0 Ruselution does oot snow the




severe distortiion and och carrent seen m the kuckaround OV acguired 1 PRS on either davs 61
ar 62, This wouki suggest that some componentist iy bhe comributimg e the background
current e PBN which Jo ot participate inthe taradaic process in Bo solution. The distertion ol
Ui UV in PBS made o impossible to perforni the asual analvses ot scan sute data to estinale site
dimensions,

An additional abnosmalice of the CVs (o PBS was 2 large anodic current at the mnitial
patenzial ol 01V s An AaCL Normally there should be vero current 1n PBS a1 thus polential.
The substantial anedic current indicates an atvpical condition. but the reason tar it was not clear
at the dme the OVs were obuined. Towever, winn mmnedance measurements were taken on dis
83, the open circuit petential wis found o be abost 200-300 MV more negative thae on day 28,
ard 10 s pussible har this condition swas present on duy 62 when the scan rate study was
performed. The cathodic shift i open cireant potential might ocear b electrolyvte penetraiion
resutted o exposure of uther components ot te probe o the solution, Initating a CV at a
petential more unodic than the open Gircwt potential could  produce the current which was
abserved at the beginning of the OV in PBS on day 620 Inthe absence ot viswal evidenee ut this
tinne, 170 ol possible B be mere precise aheat the exact Enlure mode o this probe, Ploweser. it
i» clear that OVs in the PBS soak solutiesr provided ample ovidence of the degradaton of
clectrichemical behavior of the sites on this privhe.

T Nev Lok Nicrascune o Nite doiivieiion

e acquisioen of video phatonuerography instrumentation: makes 1t possible to
phatopreph clectrodes e v during elecorochomical expertiments. As mdicsted 1o the provious
report, und by G abnormal OV behavior observed in PRS0 we suspect that the penctration of
electrolyvie sencath imsulatimg Lavers has resulted i eleetrical contaer bemg established between
aites.The mechamsm ol contact could be via corrostion produes or saly precipitates between
cuntaet pads on e probes boorder woverify this conclusion. the probe was yvideo taped while
I sl Isite S8 was subjeeted tooan electrochenucal activaton protocol until color changes
woere anserved at the sitwe indicating the alternating oxidation and reduction reactions ot e oxide.
Ver abows 00 potential excles. these eolor changes were observed. ot only at the site
concected e the potentiostat. Dut also ar all ol she other sites, thereby contivming the electrnieal
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Filoure 2.1

Cwehie voltammegrams acguirad at site 1 on UL Mich, probe ONB-49 on duns 61, 79
and 83 in PBS soak solulwon Scan rae LOA N 5 Potenial scale vs Az AgCL
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Figure 2.2 Civelie wvoltanmograms acguired in the selutons indicated at site 1 on L. Michigan
probe UNE-19 on dis 2020 and 620 Sean rate - 103 Vs Potential scale vs,
Aa AcCh Ru - DA RN CL o PR Al sedations deaerated, Arows

itdicdte direscton of scan.



Cvelie soltammetrs of the sies following the acthvation protuenl  showed typical
voltammetric curves of activated I Flgure 203 dllustrates a OV acquired at stte #1 lollowing
activation ot site =3, Al Sve sites gave sim:lar CVs, Morcover. juiping the leads to all five sites
and acguiring & OV from the conneeted sites gave the same OV as that obtained with conrections

wo i idual stees. Nate thar this OV shows a significant anodic current st the tnitial potential

prior to the scan. similar 1o that scen on the site before activation,

Day 93 +

t 140 nA

&
4 " A
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Ficure 2.3, Cyveliz voltammogram acguired at site | on U, Mich. probe (N8-49 on day 935 after
pulse activation of site 3. Scan rate — 608 Vis. Potential scale = Ag'AgCl

Tmpedance Speciruscun,

Table 2.1 lists the impedance magnitudes and phase angles measured at 1 kliz ol the 3
sites on prube UNE-49 vver the entire period of observation.  In the previous report. which
coverad the data up o 23 davs of soaking. we neted that the initial impedances at 1 kHz of the
five sites vared. =at these decreased and bhecame similar w each other ever ume. No

measurenents weore made beiveer davs 28 and 830 but a1 dav 85 the site impedances had




ecreased. ot <ol vared only stichels oy sie wosies On di 830 an impedance measuremenl
vy duso laken with leads of all tive sites handed wecther. This inpedance value was slightly
lower thun those of the mdividual sites. Atler activaton of sitle 3 as part o the vigen
Jumeestrution o contnnly beiwect sites. wl wnpedanee speetrum was twhen of sie U The
mageiude at 1 RHz snowed @ decrease to 67 k4 with a phase angle of 230 A this tme. an
mmpedianee medsuremaent was taken agwin with leails of the five sites connected topether. The

magniiude at T KHz was 39 K62 wath o phase angle of 223160 The similarity of the sie 51 data

and the five =ite dat prosides addivonal evidence tor eleeimen] continuiny between indin :dual

StTes.
Lihle 2.1 Tpedance (k823 and Phase Angle at | M of I sites on Probe CNE-4Y,
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Lanle L1 alse shows the oper cirewnt petentials ot the time thel the impedunce

ziisuraments sere mide From day 83 ons the open aire potenitials were mere negative than

L2



tsobvpical o b and much more aepative than s to be expected for aciated v The valwes are
raore ke these that were obsersed tor galvanic couples of polvsihicon-AIRGE and polysilicon-Ir
1.

Flots ot the entire frequencey spectrum of Impedance and phase angle at different rimes
auring the soakimg period aie shown m Fioure 2040 These plots demonstrate the sinularity in the
nupedacee spectri which developed overme. Whoreas (e initial spectra showed sites 21 and
72 1w he ditferent froor sites =30 40 and 50 by day S0 no such distnetion was apparent. The
speetruly tehen of site =1 on day B5 was completely JditTerent from all cthers wken on any day
The unigue impedance behavior may be related 1o the unique voltammetric curves ohserved on
U sume day

Muare detailed analisis ot the impedance data was initiated this quarter. The data were
fited to an equivalent virenit which we hape might be utilized to dentfy elements which change
during long erm seaking, The best fit of the Jata was obwined with the cquis alen: cireun; shown
e Prewre 250 The svabaes of crreudt clements are dsted in Fable 2.2, Phie clemenm R, s
considered o represent the ohoie resistance, Its value Huetauted between 28-40 k€ over the
first 20 dayvs, but then decreased at the longer svaking dmes. The trend toward lower salues of
L 1s consislent with an increase In real exposed surfaee arca. and fuctuations within cach group
of values. e =28 davs v 83290 davs, maay retlect changes o contae! resistance. intra-site
contacts. or electrelyie resistivitg. The clement O inereased from 260 pb oo almaost 833 pl- and
might be assigned o the double luver capacitance. U is premature W make assignments tor the
clemwents WO ound Roat this times Floswever 1t 1 notewarnthy that they had their most different
values win day 83, on whieh day the OVs in PBS displuyved the prominent current peans believed
Ly be doe e surtiee contamicantisy. The impedance dita aobtaiaed on duys 8017, and 83 could
not be e we the equivalent circuit without the addition of element B, The assignment of this
clement te o probe component is nod Jeasible an this time,

The saime cireull 15 being used tor the impedanee data Tor the other Tour sites on the
probe. Comploten of this sk may cnable a better correlation of circuit clements with
vompunents of the probeor ot leastan ientleation of these ciemeats which are associated with

the deterioration of sile ntegrity
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Thbie 2.2 Values ol oot elemenis obtaned by 11me impedance data o the equivalent eireuit
k g l

st o Froore 203
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Figare 2.5 Fguivalent cireuit for stie # 1 on Mich, probe CNR-39.

Conclusons

The mesucts of all electrochenical measurements made oo probe ONS-49 (his guarter
rdicate that the ndividual sites aave Tost therr selation and are clectrically connected o cach
other. O all the measurements taken. the cvelic voltummenry o PBS provided the least
arthipuouws Wenufication of the detertoration ol the probe even though the underlving causes and
spaetlies et the detertoranon renzain unkiown, We had planned o end the soak st o examine

“he probe microscapicalby bur proter at s te o contimize with the electrochomicat monttoring




since the sies are o goetivated acd we can menitor ssoally the extent ot intercenneetion
Fetwees them. The fiomg of the inpedance data tan eguivalent cireuit and monitoring chunges
i cirewdl clements over time of soaking appears pronnsing for deniiiving coanges inoun
clectrode site durmy soaking. Howevers gt the present time. interpretation of the ¢ircull slement
changes 1s pest done i conjunction with eyelic soltammetry for qualitative diagnosis of changes

M eleCtroge Properties.

30 WORK FORNEXT QUARTER

The analysis of the Impedanee dat eoliceted oo <ates 2-4 an UL Mich, probe CX8-49 will
be completed. Scan rate Jdat obtiined during this quarter on BAK-TTA and T1B will bhe
analvzed wgether with impedance data trom those electredes for presentation in the next
crnnterly progress report. Ness electrodes will be added 1o this stady as they are received rom

aolhor centraciors,
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